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The atomic force microscope (AFM) was employed to examine the nanoscale morphology, surface
topography, and growth and dissolution characteristics of sinale crystals of a series of
organic charge transfer salts, specifically those comprising the tetracyanoquinodimethane
(TCNO) acceptor and tetratTiiafulvalene (TTF), tetramethyltetraselenafulvalene (TMTSF),
and bis-(ethylenedithiolo)tetrathiafulvalene (BEDT-TTF) donors. The dynamics of electro-
crystallization were studied in situ on specific exposed crystal faces of these salts while
the supersaturation was controlled by the applied electrochemical potential. Results
indicate that the growth modes and the distribution and orientation of topoaraphic features
can be correlated with the strength and direction of solid state intermolecular bonding.
In general, the nanoscale topographic structure resembled the macroscopic morphology,
suggesting self-similarity across the length scales examined.
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:tnd (rowivth of Alolectiltir Cr3'sfils Arlsi been iliapeI if) %i~ullsfoilw~ii1 rilulcatioll on ;t h'iiti< ii iiiii,.i gy, iii
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Molecular crystals coritairlirlg organic copn enilrrrts exibiriit I vari ivv Owth 101)1 cuimiig Ii :iriscl Is is Iniiiiiists ill tie form of of iriciliuI

of irtrercsting and potenrtialily useful ceictririmic proper tie'i, irich idii 1 clecitr ha) tlopop~l :itiical il rictilt "s. ,r:iriiei 'N Imitmisiiiai (0011 It-dlgi'..
conductivity, superconductivity, null -linear optical bieha.vioir, :tIII, Several Iwoi dilItiC1i16,1i:1i sails %%Ce N-:iiiil1ii ite1ihi .S

ferrorniagtietisro.' and also corriprisc tile mlajor ity iii plrar iraceitcuri c gil( (iitiii (I Ni))). exihibi~s I nn io Iiii slairrt Iii...iitl).

reagetlts.2  Mil,,,ch fl te interest in thcse om iate lss steirrs horitrite abiliity if hid ~act uris. onle cleetrostal ic aind like oither vail tier W~aals ill Iiiiire, us hue :a
employ molecularr-level "crystal enginecrinig" strafcgicsi to cirrltl solid state sigiiilicairt Ci argc transfrc nliteiacliuuil is absent. lire tiviiittrig fitobIll tIriird is

intermoliecular interactions Ii order to rationally mranipurlate crystal iackiiig clearly iriore tw ivi-iiiilsmiiiiia orld exsllits I layer yý layer cvouiirtiiit ill tile

arid, consequently, infuencrce bulk physical and electronic proper ties. NVrilc Il 110I dirc~tiont. lI fiellS ( iec preweirce of miiiiuutrlrpc clectrIItiaiic and %an

these strategics have beeni employed in the design and synthesis. (f mranriv tier \Vaal- inltel actiolsil inthe 111:111c of this face colilitibiliCS ( (lte frtltiatiiii (it

organric crystals. thre self-assembly, nucleation, and crystal i lat ion plthcessrel toiiiiittait lcdge airi kink StIr ictuit es (Fi~gii 2). 1 luese ledtzcs o ietit ili tIre II
that are responsible for their formation -ire not wvell understood, itattirirlat iy at (11 andi I I )11 ditectiurirs. 'like t\%s iiiidiisiiii;iol i'tgaliic cmidduicitir 1 ti)I

thle molecular arid traioscalc level. This understanding is crucial if irtportair i11IT)-,i3 esliiilitva -sitiilar laycicil giowili iiiide %silfl n~o dolouil~imit ledgeC

crystal characteristics such ais polirnorphiiisrrr habit. rirorplroligy. iruchrsiouir dtlictiiits.

formation, and defect den rsity arc to be controlled.
Recent developrments iii atomric force mtictoscopy (AFN)' l Isi Ncc a4 iro ever.~lf

now provide for Iit still visualization oif tue early stages (if gtowtlt of organic axi
crystals in liquids, as evidlenced by recent reports for tirese artd oither

liraterials.
5

,6 This cap.huiIi ty piov ides for dy rlirii observatio ott(f nuicrlation
events, and( thie determin tatiori, at smalli len gthi scales. oif thle (list tburti il' fiif
topographic features (i.e. terraces, ledges anid kinrks) that play air iupot tairt
role itt cry~stal growr I.7 We\ hereitn report ili situj AFNM olsivrvationrs rf iftietti
nanloscale mroirphiology, surface topography, and growvth arid dissol utioni
ciraracteristics rof single crystals of a, series oif organic chirrge transfer salts,
specifically tliise cormprisinig tile tetric.Varioqlirirroir)Iiietiianec (TCN Q) acceptolr
arid tetratlriafrri Valerre (rIT), terraileIr~y lie iraseletiafil lvalertc and IS). air

bi-(tlyeredriiri~ttrriuafuiaere i 7-1iI
T) (Ilrloirs with a variety of ni

courrier-ioits. yT 2 flir

Experimental Figlure 2: Laycreii gillwill otile (1 I ) I~ of il

Atlitiic force titictllseopy (AFNI) experirrerrts were per foiriled %il wtt a fi lIt)N)2 t11at results- fr"ir thl' tw (lI ll~lt holIl diciosOr11fil

Digital instruments Nantiscople Ill scannring probe rmicroscoupe. lit sim sturuic jiack ing of (il 1) Face anil (b) AlN Nilig ofgo.1h I I II I hIVIh r ale

were accomplished with an Ai:M electrocirerrical flirdi ceil (Digital rrloiiiiig ill [tie tIl j ilectiiin

Instrumerits) in a t irree- elect rode conifigurrationi. The uvorkirig electrodre
consisted of eithier graphiite or -a mratutre single crystal suitface whitleI pltaitiru Co (rniclusioinis

and silver svires serveid as cournrter arid qjuasi -iefererice electroiics. respect i vey. '1 lOe st slui e illu-1:t LI t htak o solilldtt intite tirlecir ar

The cotunter ariid reference electrodes were placed irr tue otrtlet port of tile flurid forces play a iiotriiiaiit role in eill thIcllwl to pg lut. . etching :mu1

ceii. Experimrenits wvere thten perfortmedi ilr organlic Sioiuitinirs of etirairiri, griovili ihbari add istics of tooleua snl 1)nfaces, Ill severall esirllpes

propyicne carboratert, or areetoiitrile conitaininig triiliriioar conlelittatioills (if (lecliheltl here, tile behiaviior isi-almdh llo~ le ledge strill-tlie thlat is,

tlire donor/facceptor II1(] higir concentrations of tire crtitrterionl ill acoinirdeiinrt N itir ditictiiiiis ofsii n niitio a eIectiitartic arlilt clirmrte
lterallutyiaiirmotimrrr salt. whiich ;lisri served ais tlile supporting electrolyte. Irsirrafer iilitlictiiiis. 'lthe tide tif exiess irlterfacial eliirei gs itiri rict sal

growiu't is eviident fromIllv lii'uisir ibtiri oflii terraces. hedges, mrid kiniks that
Result- roirr Discussioui difiers Irinr tlira oiiserveid uinter eqliiiili lii ciittilcmitiirisý I tie-se niwlse %-atiiiir

A variety (if conducetive anrd irnsrilatinrg salts were exarrirtiie withr a iiruiucmv tira rite( siriface tojiogip :uiv is relateil iii tile rIriuiphiuligy iif
range of bonding properties. lThe iriw-ufirienisioial eoldul~o~tltS typically tilracloiscoluic etysiuris. sriggesrmiug self- sitiilalty fit mof 1pliology thulrig lire
exhibitedl one domiiinantl bondinrg interacetiorn. A strong fire ferenrce forr Ilf I 1001 ur gu ntil psi uces.
ledges ott thre (001i ) face of tile iriw-diriuerrsiotraf orgarnic suplercondulrcto~r
(TMTSF) 2 C104 is ai conic(tlucilce oif strorig initermtolecu lar chrarge traitsfer Ackroto nhdgemnrr is
interactions betweenl NIITSF molcules stacked along this directiirrr (Pigiire 'I -lie autihoris iiiiilo fike Io :Ickninuledge tile sIpoj'urti tof till ( ice tof

0). The (001i) face (If (TMTS1) 2CItf esiibits layer-by layer Frowthr arrulx Naia vvýrc iio theCl (iu 11we1ilte Imi liIeh( Lriol iiigiiircilii (HSg t I IS p P iller hig

etching. in wvhich tire layers correspond i t) single untit cell heights of I -..I A. A IRest-aici ('(-liters i'iogu lu). ACiIJ niliti like 1. ;1, kriouvl,,I-Titclli Il i"Ijoim
terrace-fledge- kink mnceharismt

8 is observeid. witht thle ditectirni Of fastestj Company Fol vllipp"it ill the Ioiil oi f all I 11jhl Frll i 'ihipi~ (1ii ii)' 1IM?1 12 l
growvth aind etchinig oirientled along tire TTI SF stackirrg asis.
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